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The Determinants of Equity Market Correlation 
—A Gravity Model Analysis 
 
This thesis examines the determinants of cross-country stock market 
correlation by employing the gravity model with a panel data analysis. 
Although a large number of significant studies on stock-market interrelations 
have been made, very little is known about the factors that influence the 
underlying co-movement between the markets. Unlike conventional wisdom 
of the past, this research establishes that “geographical factors” do have 
some explanatory power on stock market correlation. 
 
The interrelations between stock markets are important indicators to 
individual investors for applying the portfolio selection models. They are also 
significant to forecasters and policy makers. Unlike the goods markets, 
advanced informational technology makes the transactions fast, convenient 
and weightless – for instance, there is no need to transport goods or capital 
equipment from one market to another. Thus, it seems that factors such as 
geographical and trading costs should be less related with the co-movements 
of the equity markets. However, this research applies the gravity model, with 
geographical and financial variables, and provides a fresh empirical 
  v
perspective to suggest that these factors do have explanatory power to 
explain the determinants of the level of cross-country stock market correlation. 
 
In the first part of the methodology, a standard gravity model is used to 
examine mainly the geographical variables that influence the co-movements 
between the stock markets. In the subsequent part, more financial-oriented 
variables are included in the model to better track the characteristics of the 
stock markets.  
 
The findings of this study mainly tell us that these geographical factors play 
important roles with different magnitudes to influence the level of the cross-
country equity markets correlation.  These findings shed light on equity 
portfolio selection and help to comprehend some financial puzzles; for 
example, home country bias in asset allocation. The market participant’s 
psychology and informational asymmetries can be used to interpret the 
findings of this research and better understand the financial puzzles. 
 
This thesis contributes to extend the gravity model from goods trade to 
financial asset markets. It also applies the panel data analysis to capture both 
the characteristics of time-series data and cross-section data to reflect long-
term relationships better. By incorporating the factor of exchange rate 
variability, this thesis investigates into an area which has not been extensively 
examined in the past.  
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This research extends the methodology of gravity model from trade area to 
asset markets and investigates bilateral stock-market correlation among 23 
countries by utilizing new panel data set from time period 1995 to 2003. With 
market capitalization representing market size and distance proxying some 
informational asymmetries, it is found that geographic factors are not less 
related to the correlations as most people think. Instead, they still heavily 
determine the pattern of international stock markets correlations. Moreover, 
certain variables, such as the number of overlapping working hours of the 
stock exchanges and the colonial links between countries, have significantly 
positive relations with cross-country stock markets correlations. The key role 
of informational asymmetries has been confirmed to give some explanation of 
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This chapter discusses the background of this research along with relevant 
earlier works on the applications of the gravity model. The objectives of this 




Nowadays, globalization along with advantageous and disadvantageous 
economic as well as political factors influences markets in different countries 
to fluctuate and move together. In turn, this brings their linkages closer and 
closer, and drives researchers to investigate the relationships among the 
various markets. By examining market correlations, geographical variables 
have been long recognized for their consistent empirical success in explaining 
many different types of flows, such as trade, migration, commuting, tourism, 
commodity shipping, the number of telephone calls, foreign direct investment 
flows and price differentials. Most people think that geographical factors and 
trading costs should be less related to the correlations of equity markets 
because the asset market has distinct difference from other markets. It is 
assumed that advanced informational technology makes the transactions fast 
and convenient. Moreover, the trade in asset market is considered weightless 
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– not necessary to transport the goods, capital equipment or people from one 
market to another. However, some ‘psychological’ geographical factors may 
be important in financial asset markets if habit and convenience are 
considered in determining connections between goods markets. This thesis 
investigates whether geography plays a significant role for the asset markets.  
 
1.2 The Importance of the Equity Market Correlation 
 
An accurate assessment of different countries’ stock markets co-movement is 
important for several reasons. For individual investors who wish to maximize 
the rates of return of their investment portfolios at given risks, the allocation of 
the portfolio crucially depends on correct understanding of how closely 
international stock markets returns are correlated; for example, the countries 
whose stock prices move together, move in opposite directions, and those 
whose stock price movements are unrelated to one another.  
 
Changes in international correlation patterns are important indicators for 
investors to adjust their portfolios. It is also of interest to the forecasters and 
policy makers because of its implications for the stability of the global financial 
system. The stock markets movements affect domestic consumption and 
investment expenditures; the preparation of monetary policy is affected by 
international stock market developments. In addition, the international 
correlation of the asset returns is also an important parameter for the day to 
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day risk management in financial institutions and the pricing of contingent 
claims. Due to its great importance, research on co-movement among 
international equity markets is voluminous.  
 
Through years of understanding of the stock market co-movements, some 
stylized facts are widely accepted: Firstly, investors can diversify their 
portfolios by holding assets of several different countries since the 
correlations are generally lower between international than domestic markets. 
The benefits of international diversification have been recognized for decades 
and this has been the driving force behind many financial literatures 
advocating international diversification from Grubel (1968) to the present day. 
Secondly, it is found that in the period of large shocks to returns such as a 
stock market crash, the market correlations tend to increase (King and 
Wadhwani (1990), Longin and Solnik (1995)). Besides these, other important 
factors that influence the underlying co-movement between two markets are 
not typically considered.  Karolyi and Stulz (1996) observe that “the 
determinants of the levels and dynamics of these covariances have been little 
studied from an academic or from a practical perspective”. This thesis 
explores the particular research area through gravity model approach.  
  




Gravity model has been growing increasingly popular in recent years and has 
been applied to many areas of economics and finance to explain the 
connections between goods markets or economies as a whole. Some 
different applications of this model bear the same basic results: The distances 
and borders are significant determinants to explain the flow in various 
applications of the model. For example, McCallum (1995) uses gravity model 
to explain Canadian regional trade patterns, Engel and Rogers (1996) use the 
same model to explain deviations in the law of one price for individual goods, 
Helliwell (1997) adopts it for migration flows, whereas Brenton et al. (1999) 
use the model to explain foreign direct investment flows. 
 
These basic results help to explain the “home bias” in trade patterns that 
continues to be a puzzle in open economy macroeconomics (Obstfeld and 
Rogoff (2000)). But Anderson and van Wincoop (2001) applied the gravity 
model derived from microeconomic foundations and showed that the border 
has a relatively small, though still significant, impact on trade flows. Some 
other recent papers investigate the effect of currency unions on trade patterns 
and international integration (Frankel and Rose (2000) and Rose and Engel 
(2000)). 
 
Anderson (1979), Bergstrand (1985), Feenstra, et al. (1998) and most 
recently Anderson and Van Wincoop (2001) have derived theoretical 
underpinning that geography plays an important role in the correlation 
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between the markets. Other variables related to physical geography – such 
as great circular distance, market size, having a common border – together 
with “Psychological Geography” – such as past colonial links and common 
language – also enjoy great empirical success in explaining the market links. 
 
1.4 Applications of the Gravity Model to Financial Markets 
 
After much empirical success of the gravity model, it has been recently 
applied to the financial markets.  Due to substantial improvement in the 
information technology and establishment of computer-based trading systems, 
the cost for market participants to gather information and to trade 
instantaneously is getting lower. Moreover, the growth of international equity 
flows has outpaced that of the goods and services sector. Therefore, it is 
reasonable to expect that physical and psychological geographical variables 
should play less of a role in determining linkages between financial markets.  
 
However, Portes and Rey (1999) examine bilateral gross-border equity flows 
between 14 countries and find that the distance variable has significant 
explanatory power even for asset trade – which is generally regarded as 
weightless with no transportation costs. This suggests that the geographic 
factor is indeed important for equity flows. When information transmission 
variables such as telephone call traffic and multinational bank branches are 
included in the specification, the distance effect is reduced but still not 
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eliminated. Flavin , Hurley and Rousseau (2001) investigated bilateral-
correlation between countries by using cross-section data. Their methodology 
makes an attempt to fill the void of the determinants of stock exchanges 
correlation, and they get similar results to that of Portes and Rey(1999).  
 
1.5 Research Objectives, Accomplishments and Structure of the 
Thesis 
 
The core objective of this thesis is to provide a fresh empirical perspective on 
explaining the linkages of the stock markets. It applies the concept of gravity 
model from trade theory to the determinants of the level of cross-country 
stock market correlation by using certain geographical factors. Better 
understanding of the impact of these factors has important implications for 
equity portfolio selection. As such, it can help to comprehend some financial 
puzzles – for instance, the observed home country bias in asset allocation. 
Here, “home bias” is used in a very general sense indicating that investors 
invest much less abroad than portfolio allocation models would appear to 
suggest as optimal diversification. 
 
By extending the methodology of Flavin, Hurley and Rousseau(2001), this 
thesis seeks to contribute to the existing literature in the following ways. First, 
it extends applications of the standard gravity model from market correlation 
analysis of trade theories to stock market correlation studies. Second, it 
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extends the existing research by using panel data sets that bear 
characteristics of time-series data and cross-sectional data to show long-term 
equity market correlations. Third, this work incorporates exchange rate 
variability into the gravity model which has not been investigated extensively 
in the past. 
 
This thesis is organized as follows. Chapter 2 lays the background, 
summarizes existing theoretical and empirical literatures, and draws some 
conclusions about how to model the asset market correlations.  
 
Chapter 3 describes the methodology and data. First, a simple standard 
gravity model which leads to basic estimating equation is established. Then 
the given model is extended by incorporating innovations suggested by the 
finance approach.  
 
Chapter 4 is devoted to empirical testing of the hypothesis as postulated in 
Chapter 3. Discussion of the empirical findings and interpretation of the 
results are given.  
 
Finally, Chapter 5 contains some concluding remarks. Summary of the 
findings with their implications are given. Limitations of this work as well as 




Numerous studies with different methodologies have been performed to 
investigate the interrelationships between the international stock markets. 
This chapter gives the review, summary and comparison of previous studies.  
 
2.1 Background   
A considerable amount of work has been done on the interrelationships 
especially on the major developed markets like United States, UK and Japan. 
The performances of developed markets draw the world attention before and 
after the global-scaled crash in 1987. This stock market crash stands out as 
one of the most remarkable financial events of the 20th century, perhaps 
since the emergence of the capitalist system several centuries ago. The 
historic extent to which markets fell, its suddenness, complete lack of 
explanation, and its global scale make the crash remarkable. The other equity 
markets reacted to the collapse of the Dow Jones index of the New York 
Stock Exchange and experienced different magnitude of the crash.  
This crash made people realize that national equity markets are more and 
more tightly related. The developed market e.g., the US exerts a strong 
influence on other smaller markets. Lee and Kim (1994), following a 
correlation approach, examine the effect of the October 1987 crash on the co-
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movements among national stock markets. They find that the interrelation 
among the national stock markets became much tighter after the crash. 
Moreover, the co-movements among national stock markets continued 
strengthening for a long period. In addition, it shows that the extent of co-
movements among national stock markets has a positive relation with US 
stock markets volatility. Given this background, many studies on equity 
markets have been conducted from a wide range of different aspects.  
 
2.2 Contagion and Volatility Spillover Effect  
 
Why so many markets experience a dramatic adverse shock simultaneously? 
King and Wadhwani (1990) construct a contagion model which tells us that 
shocks in a major market, such as the US, will be transmitted to other 
markets. In their model, contagion happens because of the non-synchronous 
trading hours and investors trying to infer information from price changes in 
earlier opening markets. And the size of the contagion effects is found to 
increase with market volatility. The leader-follower pattern from bigger to 
smaller market has been evidenced in this paper, e.g., when the New York 
stock exchange opens, London stock prices tend to jump.  
 
Some work related with contagion approach to examine the co-movement 
relationship is the volatility spillover effect among national stock markets. 
Hamao, Masulis and Ng (1990) use an Autoregressive Conditional 
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Heteroskedastic (ARCH) statistical model on examining daily opening and 
closing prices of the major stock markets in the US, Japan and UK. They find 
the evidence of spillover of volatility from New York to other markets, but not 
in the opposite directions. Ng, Chang and Chow (1990) also find volatility 
spillovers from US to the Pacific countries.  Bae and Cheung (1998) find that 
the October 1987 crash make the spillover effects from the US to Hong Kong 
more prominent. Lin, Engle and Ito (1991) investigate the returns and 
volatilities correlation between New York and Tokyo stock exchanges and find 
each market’s daytime returns is correlated with the other’s overnight returns. 
The volatility spillover effect is symmetric. Barclay, Litzenberger, and 
Warner(1989) conclude from a study of the Tokyo Stock Exchange that 
volatility was caused by private information revealed through trading. By using 
a positive definite multivariate generalized autoregressive conditional 
heteroscedasticity (GARCH) model, Darbar and Deb (1997) examine the co-
movements of equity returns in major international markets by characterizing 
the time-varying cross-country covariance and correlations. They find that the 
Japanese and U.S. stock markets have significant transitory covariance but 
zero permanent covariance.  
 
Longin and Solnik (1995) capture the conditional covariance structure by 
using a bivariate GARCH model. They find that correlations are unstable over 
time and co-variances even more. They single out the degree of capital 
market integration and abnormal volatility on the US stock market as factors 
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increasing stock market correlations. In addition, they provide empirical 
evidence that conditional correlations may be influenced by dividend yields 
and short-term interest rates. In a similar exercise, Ramchand and Susmel 
(1998) use a SW-ARCH model to show that correlation tends to increase 
when markets become more volatile.  
 
2.3 Market Integration 
 
Some work has been done on market integration. Campbell and Hamao 
(1992) explore the extent to which US and Japanese stock markets are 
integrated by studying the predictability of monthly returns on US and 
Japanese equity portfolios over the US Treasury bill rate. Kasa (1995) finds 
that the conclusion of market integration depends sensitively on the assumed 
variation of the (unobserved) common world discount rate by using the 
monthly stock return data from US, Japan, and Great Britain for the period 
from 1980 to 1993; and the more volatile the discount rate, the more 
integrated the markets.  Johnson and Soenen (2002) Use daily returns from 
1988 to 1998 to investigate the degree of equity market integration between 
the Japanese stock market and the other twelve equity markets in Asia. They 
use possible economic determinants of international integration such as 
imports and exports percentage, inflation differential between two bilateral 
markets, etc. They find that the equity markets of Australia, Hong Kong, 
Malaysia, New Zealand, and Singapore are highly integrated with the stock 
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market in Japan. They also find evidence that these Asian markets are 
becoming more integrated.  
 
Higher import shares as well as a greater differential in inflation rates, 
real interest rates, and GDP growth rates have negative effects on stock 
market co-movements between country pairs. Chowdhury (1994) investigates 
the relationships among four Newly Industrialized Economies (Hong Kong, S. 
Korea, Singapore, and Taiwan), Japan and US and finds that the US market 
leads the four NIEs and there is significant link between the stock markets of 
Hong Kong and Singapore, Japan and US. Phylaktis (1995) finds that there 
has been an increase in the integration of capital markets in Pacific Basin 
Region with US and Japan. Cashin et al. (1995) use the cointegration tests to 
assess the extent to which equity prices move similarly across countries and 
regions. They report increased integration of emerging equity markets since 
the beginning of 1990 via greater regionalization of national stock markets. 
Besides, if national stock markets are subject to a global shock that causes 
them to deviate from their long-run equilibrium relationship, it takes several 
months for the long-run relationship to reassert itself.  
 
2.4 Causal Relationship 
 
Much work has been done to examine the causal relationship between the 
US and other equity markets since the US invests a large amount of capital in 
many countries and poses a huge political influence on several countries in 
the world. Eun and Shim (1989) use vector autoregression to study the 
interdependence among world equity markets. They find evidence of co-
movements among these markets and conclude that the United States 
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market is leading worldwide trends. By using a single equation model, 
Cheung and Mak (1992) examine the causal relationships between the Asian-
pacific markets and the developed markets. They found that the US market is 
an important global factor and lead most of the Asian-pacific emerging 
markets. Kwan, Sim and Cotsomitis (1995) study the stock markets of 
Australia, Hong Kong, Japan, Singapore, South Korea, Taiwan, United 
Kingdom, United States and Germany and they find significant lead-lag 
relationships between these equity markets and suggest that these markets 
are not weak form efficient.  
 
2.5 Relationship between Stock Market and Real Economic 
Variables 
 
The relationship between stock market and real economic variables has also 
been widely studied. But the results fall into two strands of arguments. A first 
line of the conclusion is that the stock market and real economic variables 
have close relations and influences on each other. Gallinger (1994) finds that 
there is a unidirectional causality from stock market activities to economic 
activities. He proposes three explanations for the relationship between stock 
returns and real activities, (i) changes in stock returns are synonymous with 
changes in wealth which affect future demand for consumption and 
investment goods; (ii) increase in real economic activities increases demands 
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on existing capital stock; and (iii) stock return is an important indicator of the 
economy.  
 
In addition, Leung (1994) finds that through FDI, a country locked into a long-
term steady state of underdeveloped growth due to surplus of labor pool can 
break itself out of this deadlock and change the situation out of long-term 
underdevelopment. Levine and Zeros(1998) examine the relationship among 
stock markets, banks and long-run economic growth. They get the result that 
the development of banking and stock market liquidity are good indicators of 
economic growth. Cheung and Lai (1998) examine the EMS countries(France, 
Germany, and Italy) to study whether the macroeconomic variables, including 
the money supply, dividends and industrial production are linked to long-term 
stock market co-movements. They suggest that long-term co-movements in 
stock prices can be partly attributable to those in the macroeconomic 
variables, especially after the 1987 crash, but they don’t have a very strong 
explanatory power.  
 
In contrast, some work has been done to show that the stock markets are not 
much related with the economic variables. King et al. (1994) report that only a 
small proportion of the short-term market co-variations can be explained by 
observable economic variables.  But they can be mainly accounted for by 
unobservable factors such as investor sentiment. Karolyi and Stulz (1996) 
find that there is no statistically significant relationship between asset returns 
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and US macroeconomic announcements shocks to the exchange rate, 
Treasury bill returns or industry effects by analyzing the co-movements of 
returns on Japanese and US stock markets. By estimating co-variation 
between components of returns on national stock markets, Ammer and Mei 
(1996) conclude that equity risk premia rather than fundamental variables 
explain most of the co-movements across national stock indices.  
 
2.6 Time Series Approaches 
 
Many kinds of time series approaches are applied to examine the co-
movements between stock markets. Some results show that there is a trend 
in world stock markets but others reject the trend. Jeon and von-Furstenberg 
(1990) use the VAR approach to investigate the interrelationship among stock 
prices in major world stock exchanges to show that a significant shift took 
place in the correlation structure of returns after the 1989 crash. Furthermore, 
Rangvid (2001) conducts a recursive common stochastic trends analysis 
which shows that there is increasing convergence (in levels) among 
European stock markets.  
 
However, Koop (1994) uses a variety of different objective Bayesian methods 
to analyze unit root and cointegration properties of two different finance data 
sets and find that there are no common trends in stock prices or exchange 
rates across countries. In addition, Corhay, Rad and Urbain (1995) study the 
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stock markets of 5 regions (Australia, Japan, Hong Kong, New Zealand and 
Singapore) and find no evidence of a single stochastic trend for the countries. 
Christofi and Pericli (1999) examine the short run dynamics between 
Argentina, Brazil, Chile, Columbia, and Mexico and find significant first and 
second moment time dependencies.   
 
2.7 Research on Emerging Asian Capital Markets 
 
Since Asian capital markets become new stars among the emerging markets 
and the Asian economies remain the fastest-growing areas of the world 
economy, many studies have been devoted in the 1990s and thereafter to 
investigate the co-movements between Asian markets and the stock markets 
in developed countries.   
 
By using Johansen cointegration methodology, Chaudhuri (1997) examines 
the common trends in seven Asian markets and reports a single trend. Palac-
McMiken (1997) examines the monthly ASEAN market indices (Indonesia, 
Malaysia, Philippines, Singapore and Thailand) between 1987 and 1995. It is 
found that with the exception of Indonesia, all the markets are linked with 
each other, and these markets are not collectively efficient.  The presence of 
co-movements among national stock markets usually limits the benefit of 
international diversification, especially if with relatively high and unstable 
correlation in the rates of return across these countries in the short-run, the 
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expected gains from diversification in order to reduce the risk are not very 
attractive. But if in the long run the interlinkages among the markets become 
weaker but more stable. Thus at least some benefits from international 
diversification of portfolio can be realized in the long run. Here, Palac-
McMiken(1997) suggests that there is still room for diversification across 
these markets despite evidence of interdependence among ASEAN stock 
markets. Masih (1999) finds high level of interdependence among markets in 
Thailand, Malaysia, US, Japan, Hong Kong, and Singapore from 1992 to 
1997. However, Chan et al. (1992) get the opposite conclusions by 
conducting unit root and pairwise cointegration tests. They investigate the 
relationships among the Asian-Pacific markets and find that these Asian 
markets are not cointegrated.  
2.8 Graphical Method  
Groenen and Franses (2000) investigate time-varying stock market 
correlations by using a graphical method, which originates from applying 
multidimensional scaling techniques (MDS).  They observe three clusters of 
markets that break down along geographical lines, namely Europe, Asia and 
the US. These clusters have become more pronounced over time. Heaney et 
al. (2000) also use clustering analysis to get the similar findings.  
2.9 Conclusion 
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It appears that all the above mentioned empirical studies on the relationship 
between world stock markets do not provide consistent results. That’s 
because the different choices of markets, sample periods, frequency of 
observations, and the methodologies employed make the studies difficult to 
be comparable.  Most of them focus on the time-varying properties of stock 
market correlations, though little is known about the level of the co-movement 
at a point in time. The methodology used in this thesis focuses on both cross-
sectional and time-varying properties of the stock markets.  
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Chapter 3 
Methodology and Data 
Methodologies and the data source are discussed and described in this 
chapter. First, standard gravity model is used to investigate the main factors 
that are expected to have explanatory power on stock market correlation; 
Then,  in section 3.2 the extension of the model is applied to better track the 
asset markets. Section 3.3 shows the calculation and the sources of the data.  
3.1 Standard Gravity Model 
Probably the most successful empirical trade device of the last twenty-five 
years is the gravity equation. In international trade, bilateral gross aggregate 
trade flows are explained commonly using the following specification:   











Where M  is the dollar flow of good or factor k from country or region i to 
country or region j, Y  and Y  are incomes in  i and j, N  and N are 
population in i and j, and d ij is the distance between countries (regions) i and j. 
The U ijk  is a lognormally distributed error term with E(ln U ijk )=0. Frequently 
the flows are aggregated across goods. Ordinarily the equation is run on 
cross-section data and sometimes on pooled data. Typical estimates find 
ijk
i j i j
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income elasticity not significantly different from zero. This equation is applied 
to a wide variety of goods and factors moving over regional and national 
borders under differing circumstances, to explain many different types of 
flows, such as migration, commuting, tourism, and commodity shipping.  
The trade in goods and trade in equities are different in many aspects 
especially in geographical structure and in their evolution over time. 
Nevertheless, as it is shown later in the thesis, some factors may play similar 
roles in explaining both. In the investigation of what drives stock market 
correlation, a standard gravity model which is extended from the gravity 
equation is adopted to explain the trade markets correlations. 
The cross-country equity market correlation is used to be the dependent 
variable since the determinants to explain the correlations are going to be 
examined. As for independent variables, similar to that found in the trade 
literature, they are mainly geographical variables.  For market size, stock 
market capitalization1 is used to represent it. The posited model is as follows:  
Corr  =β  +β 1 ln(GCD)  +β ln(size i * size  ) +β 3 border +ij 0 ij 2 j ij 4β lang  ij
           +β  col.links  +β develop + u                                                        (2) 5 ij 6 ij ij
                                                 
1 The market capitalization of a stock exchange is the total number of issued shares of 
domestic companies, including their several classes, multiplied by their respective prices at a 
given time. This figure reflects the comprehensive value of the market at that time. The 
market capitalization figures include:  only shares of domestic companies; common and 
preferred shares. The market capitalization figures exclude: investment funds; rights, 
warrants, ETFs, convertible instruments; options, futures; listed foreign shares; companies 




Corr  is the dependent variable, it is the unconditional correlation of stock 
market weekly returns between stock markets i and j.   
ij
GCD is the great circular distance between the main financial centers in 
countries i and j. “Great Circle” distances are measured by the shortest routes 
between cities, which aircrafts use where possible.   
As for market size, Martin and Rey’s (1999a) model suggests population or 
GDP as the size variable. GDP does perform acceptably in this role; 
population normally represents “openness” in the goods trade literature. In 
our preferred specification, however, a measure of size which is more directly 
related to financial markets---market capitalization is used, measured by the 
end-of-period market capitalization from 1995-2003 for that market.  
Besides these, several dummy variables are utilized to examine the 
influences of them. Border ij  is one of the dummy variables, which takes the 
value of one if the two countries share a common land border and zero 
otherwise. Lang  is a similarly defined dummy variable that takes the value 
of one if the two countries share a common language and zero otherwise. 
Col.links takes the value of one if the two countries have colonial links in the 
history and zero otherwise. 
ij
 
By adding a dummy variable of “develop”, this model extends the model from 
Flavin, Hurley and Rousseau(2001). “Develop” is used to analyze whether the 
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extent of development of the country’s economy affects the stock market 
correlations. It takes the value of “1” if two countries are the same developing 
or developed countries and “0” if one is developing while the other is a 
developed country. Their model is a breakthrough in the field of stock market 
correlation studies because it extends the methodology from trade field to 
asset market research.  
 
This thesis seeks to contribute more to existing research in the field of data 
analysis where most of the studies have used time-series data and Flavin, 
Hurley and Rousseau(2001) use cross-sectional data of only one year, 1999. 
Although they get robust results from data of the year 1999, their results 
cannot reflect a long run relationship between the dependent and 
independent variables because the correlations of stock markets are time-
variant and sometimes even have high volatility. For instance, the variables 
they have used can explain the stock market correlation in 1999 but may fail 
to do so for other years. Hence, in this work, a panel data set from year 1995 
to 2003 is used to investigate their relations in the long run. Using this model 
helps to capture the characteristics of time-series and cross-section in the 
data.  
 
Flavin, Hurley and Rousseau(2001) used the daily stock price index return to 
calculate the stock market correlations, which causes the lead-lag problem 
because of the non-synchronous trading hours between the markets. To 
avoid the lead-lag problem, this research uses weekly stock market price 
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index returns instead of the daily data. Further discussion is given in Chapter 
3.3.  
 
3.2 The Extension of Gravity Model 
The above model mainly examines whether geographical factors play an 
important role in explaining the stock market correlation. It is reasonable to 
extend the model by including more financial variables since they may be 
more suitable for the asset markets. The geographical variables are used 
along with financially oriented variables to see whether they can explain the 
stock market correlation better. Besides the distance variables, which affects 
the correlation of the stock markets, a variable named “Overlapping opening 
hours” is included to measure the trading synchronicity’s influence on the 
correlation. And whether the similar industrial composition, a measure of risk, 
has some effect on correlations is examined. Then exchange rate variability, 
indicating currency determinants, is considered to see its influence on the co-
movement.  The Equity market model is as follows:  
Corr  =β  +β 1 ln(GCD) ij  +β ln(size i * size  ) +β OLOH  +ij 0 2 j 3 ij 4β conc  ij
           + 5β  (exchange rate variability) + β industrial + β border ij  ij 6 ij 7
           + 8β  col.links + β 9 develop +β 10 lang  + u ij                                   (3) ij ij ij
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The variables such as GCD, market size, border, language, colonial links and 
develop are the same as those in the previous standard gravity model.  
OLOH—overlapping opening hours, the number of overlapping opening hours 
between two markets 
Conc— Market concentration shows the part represented by 5% of the 
most capitalized domestic companies in the domestic market capitalization. 
exchange rate variability—The standard deviation of the change in the 
logarithm of the weekly bilateral exchange rate between countries and . i j
industrial composition—It values “1” if two markets share a common largest 
industrial sector or if both have a common sector that accounts for at least 
25% of the index value and “0” otherwise. 
The detailed explanation of the variables significance and valuation are as 
follows:  
OLOH as a measure of synchronicity is included. It is the number of 
overlapping opening hours between two markets. King and Wadhwani (1990), 
also include the variable of overlapping opening hours in their research. But, 
what is more important in their model is not the number of common trading 
hours but whether or not markets are open at the same time. It seems that 
this variable may be closely related to the great circle distance, but their 
correlation is low because even though two cities are far away from each 
other, they can still be in the same time zone. Despite the fact that some of 
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the markets are close to each other, for instance, many of the Far Eastern 
markets have morning and afternoon trading sessions, thus reducing the 
number of hours of common trading. The coefficient of the OLOH variable can 
give some clues for market participant behavior. For instance, a positive sign 
may indicate that markets react to global news or market contagion, but a 
negative sign may be supportive of  the opinion that trade causes noise in the 
return process.  
Another dummy variable, industrial composition is applied to examine 
whether the industrial sectors play an important role for stock markets co-
movements. It takes the value of “1” if two markets share a common largest 
industrial sector or if both have a common sector that accounts for at least 
25% of the index value and “0” otherwise. For example, we may expect 
Germany (a market with many industrial stocks)  to be highly correlated with 
Taiwan whose industrial stocks are dominant, rather than its European 
neighbor such as UK, where service and financial stocks are more important.  
It is reasonable to include some measures proxying stock market risk since 
the asset markets are founded on the principle of risk-return trade-off. One 
could choose an appropriate proxy for risk given that the standard measures 
of standard deviation, variance and beta are all related to our dependent 
variable,but, it is not so obvious. Bearing this in mind, a simple market 
concentration measure is chosen. Conc (Market concentration) shows the 
part represented by 5% of the most capitalized domestic companies in the 
  27
domestic market capitalization. If the ratio is big, then the market is poorly 
diversified and it should be more risky than broad based indices.  
By incorporating an important new variable to represent the “exchange rate 
variability”, this model extends the model of Flavin, Hurley and 
Rousseau(2001). Since few of the existing studies investigated the impact of 
exchange rate variability on bilateral equity market co-movement, this 
adoption helps to better capture and explain more of the asset market 
behavior and ease of trading by taking into account the currency exchange 
factors between countries.   
The standard deviation of the change in the logarithm of the weekly bilateral 
exchange rate between countries i and  is used to represent the variability 
of the exchange rate between the two countries. 
j
3.3 Data 
A panel of observations on 23 countries’ national stock market data is 
selected to examine the stock market correlations over the period of 1995-
2003. These 23 important stock exchanges represent nearly 96.7% of the 
world market. Table 1 shows a complete list of countries and their relative 
importance to the world portfolio. Figure 1 is the map of the world market 
portfolio. For each year, the 23 markets give rise to 253 cross-country 
correlations. So the total observations are 2277. Those stock market 
correlations are calculated from realized weekly stock price index returns on 
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each market. A stock price index, while not accurately reflecting the variation 
of any one stock price does present a good description of general market 
movement.2 The choice of weekly indices as opposed to daily indices is to 
avoid the problem of non-synchronous trading when daily indices are in use, 
as daily indices may be influenced by some thinly traded stocks. An 
erroneous representation of the true relationships among these markets may 
thus result if daily indices are used (Hung and Cheung, 1995). A weekly data 
is sufficiently long so that leads or lags of a two consecutive business days 
between movements in national stock- price indices will not obscure the co-
variation between indices, where it exists. It provides enough information 
about stock price behavior, and the determinants of this behavior. Therefore, 
a weekly data is suitable for analysis. The returns are computed as the 
change in the logarithm of the stock price index between two consecutive 
business weeks(that is R t =ln(P t )-ln(P ) where P t  is the weekly price index, 
R t is the rate of return, ln denotes natural log and t refers to period). This has 
an advantage that it eliminates most first-order serial correlation and 
produces series that are of greater theoretical interest. Thus, it becomes a 
stationary process so that unit root test for a preliminary analysis is not 
necessary. Table 1 shows each country’s representative stock price index. 
These returns are computed by using DATASTREAM constructed indices. 
And note that the price indices are expressed in terms of local currency units.  
1−t
                                                 
2 See George J. Feeney and Donald D. Hester, “Stock Market Indices: A Principal 
Components Analysis, ” in Donald D. Hester and James Tobin, Risk Aversion and Portfolio 
Choice (New York: John Wiley and Sons, Inc., 1967), pp. 110-138 
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A glance at the results of the correlation on inter-market shows that the intra-
continental co-movements appear to be stronger than the inter-continental co-
movements, and generally the co-movements are stronger between nearby 
countries and weaker between far-away countries. Finally, the stock market 
inter-linkages appear to be volatile and unstable in the short run but there is 
some evidence of the long-run stable relationship across the markets. The 
results will be systematically explained in the later parts.   
From the CIA World Fact Book and especially from a major website that can 
calculate the distance between cities, the information of the geographical 
variables is gathered (http://www.wcrl.ars.usda.gov/cec/java/lat-long.htm). In 
this study, since the relations to be investigated are between financial 
markets, it’s reasonable to compute the great circular distance between the 
main financial centers, rather than country capitals. Comparatively speaking, 
physical distance between markets is much larger in the Far East than for 
European markets. This thesis uses market capitalization to represent the 
size of the markets. They are computed using DATASTREAM constructed 
indices and are also expressed in local currencies.  
A number of dummy variables are included into the model such as border 
dummy, colonial links, language, and develop. The border dummy simply 
shows whether there is a common (physical) border between each pair of 
countries. Countries connected by a bridge or tunnel (France and UK) or 
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those separated by a narrow strait of water (Malaysia and Singapore) are 
considered to have a border. Colonial links indicate the historic linkages 
between countries. The important implications behind it are that the countries 
which have colonial links become the group of “Common Wealth” countries. 
As for the dummy variable “language”, 5 countries use English as their main 
language. Spain and Mexico share a common language, as do Portugal and 
Brazil, etc.  
And for the “develop” dummy variable, this thesis uses the data of GDP per 
capita from IFS(International Financial Statistics),  to see whether the extent 
of development of the country’s economy can explain some of the 
correlations between markets.  
As for the extension of the gravity model, all the data like GCD, market size, 
colonial, language, border and develop used in the previous model are 
constructed as before. The new data overlapping opening hours was 
collected from the websites of the World Federation Exchanges 
(http://www.world-exchanges.org/), which lists the stock market information. 
And the data required to construct the Industrial sector dummy (see Table 2) 
and the concentration ratios are sourced from DataStream.  
 
The bilateral weekly exchange rates are also sourced and calculated from 
DataStream. Since the dependent variable “correlation” comes from the 
weekly stock indices return, weekly data of exchange rate is used for 
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consistency purpose. The stock indices are expressed in domestic currency 
because if they are presented in a common currency, it would automatically 
introduce a direct link between exchange rates and returns and would 
possibly have biased results. This series has the same advantage  with the 
dependent variable series correlation since the change in the logarithm of the 
weekly bilateral exchange rate between countries also eliminates most first-
order serial correlation. Hence, it produces series that are stationary and of 
greater theoretical interest. It is not necessary to run the unit root test for 
preliminary analysis since it has already been eliminated.  
Expressing exchange rate in different ways does not impact the standard 
deviation of the bilateral exchange rates. For example, when examining the 
exchange rate between US dollars and Canadian dollars, no matter which 
one acts as the base currency, the standard deviation of the exchange rate 
between them is approximately the same. So either country currency can be 
used as the base currency when examining two country pair’s correlation.  
From Jan. 2002, the Euro Zone countries of Netherlands and France 
endorsed Euro as their currency. And from March, 2002, Germany, Greece, 
Spanish, Italy, Belgium, Portugal and Finland started to circulate Euro and it 
became the common currency among these countries. Therefore, for the 
Euro zone countries, the exchange rates of Euro to the other non-euro zone 
countries’ currencies are used from that time. 
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Chapter 4 
Empirical Results and Interpretation 
This chapter illustrates the results and interprets the findings for the two 
models respectively. These findings give some implications on the 
international diversifications puzzle and home bias puzzle, and throw some 
light on the asset allocation selections.  
4.1 Results of the Gravity Model and Interpretation 
The standard gravity model is estimated by using a set of cross-countries 
panel data from 1995 to 2003. First by running the regression of equation (2)-
--the standard gravity model, the plot of the residual is achieved and an 
apparent heteroskedasticity is found. This is shown in figure 2.    
Corr  =β  +β 1 ln(GCD)  +β ln(size i * size  ) +β 3 border +ij 0 ij 2 j ij 4β lang  ij
           +β  col.links  +β develop + u                                                        (2) 5 ij 6 ij ij
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Figure 2    Spot Plots of the Residuals 
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From Figure 2, it can be seen that the larger the predicted values, the larger 
the residuals, the farther the plot of the residuals scattered away from 0. This 
indicates that there is an apparent heteroskedasticity variance in the standard 
gravity model. Therefore, the white heteroskedasticity-consistent Standard 
Errors & Covariance is used to correct the heteroskedasticity3. The result after 
correcting the heteroskedasticiy is presented in table 3. 
 
 
                                                 
3 We use the Fisher A-Z transformation to transform the dependent variable of cross-country 
correlation to a better constructed variable, z=ln(1+corr)-ln(1-corr), since it maybe a problem 
as the correlations’ value are defined between -1 and 1. Using this constructed variable, we 
find that the same variables are statistically significant. We still use the unconditional 
correlation and correct for the presence of heteroskedasticity to interpret. 
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Table 3 
Results of the Standard Gravity Model 
 
Explanatory Variable Estimation Coefficient Std. Error t-Statistic Prob.  
C 0.563282 0.213967 2.63256 0.00850
LNGCD*** -0.193617 0.02065 -9.376288 0.00000
LNSIZE*** 0.072041 0.006926 10.40086 0.00000
BORDER -0.137739 0.095502 -1.442273 0.14940
COLONIAL*** 0.229507 0.055979 4.099889 0.00000
DEVELOP 0.006293 0.024676 0.255013 0.79870
LANGUAGE 0.083569 0.057618 1.450405 0.14710
sample: 2277 R-squared 0.163678
Adjusted R-squared 
0.161468     F-statistic 74.04441
* denotes significance at the 10% marginal level of significance. ** indicates 
significance at 5% significance level and *** for 1% significance level.  
 
 
The null hypothesis is that each variable is not significantly different from zero 
which means that if the hypothesis cannot be rejected, then the variables 
have no impact on the dependent variable. The result shows that GCD, 
market size, and colonial links between countries are statistically significant at 
the 1% level, suggesting that the geographical variables have some 
explanatory power over cross-country stock return correlation. While the 
variables such as “border”, “develop” and “language” are not statistically 
different from zero. It may be because most developed financial markets are 
comfortable with using English, and for the border dummy, it is mainly 
because the countries examined here are Asia-pacific countries which are 
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located far away from each other. Although some European countries in our 
sample are close to each other, only few of them share same border so as to 
drive it to be an insignificant variable.  The development of the economy is not 
significantly related to the stock market correlation. Since more and more 
emerging markets are developing at a fast rate, their correlation with other 
developed markets and the correlation among their own are tighter. So the 
development of economy is not a significant determinant to explain the stock 
market correlation. Overall, this straightforward, simple gravity regression is 
satisfactory and informative. The results in details will be interpreted in the 
following part.  
 
Great Circular Distance(GCD) is strongly statistically different from zero at 
the 1% significance level. From its p-value and t-statistic, it appears that it is a  
key factor that influences the equity correlation. The estimated coefficient is 
negative, which implies that the greater the distance between two markets, 
the lower the correlation, and that the stock markets in close proximity move 
together. Portes and Rey (1999) examine the equity flows and get the similar 
results of negative impact of distance on equity transactions. It seems 
puzzling initially, since compared with real goods, assets are “weightless”, 
and distance between asset markets cannot proxy transportation costs. In 
addition, in order to diversify the portfolio and get higher returns at the same 
risk, investors may want to buy many equities in distant countries whose 
business cycles have a low or negative correlation with their own countries’ 
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cycle. If that were the case, distance could potentially have a positive effect 
on asset trade because of diversification motive. But from the result of Portes 
and Rey (1999), the equity flows are negatively related with the market 
distance. It shows that general investors are reluctant to move funds out of 
their domestic country market and this reluctance increases especially when 
they are less familiar with the foreign asset markets. So it can be seen that 
geography may still be an important factor in determining financial market co-
movements.  Groenen and Franses (2000) get a consistent result by 
observing clusters of markets moving together which are broadly divided 
along geographical line and Heaney et al. (2000) also get the similar result 
and suggest that the stock markets cluster on a regional basis.  
To some extent, this may explain the puzzle in portfolio selection. Although 
international financial markets are highly integrated across the more well-
developed countries, investors nevertheless hold portfolios that consist nearly 
exclusively of domestic assets. This violation of the predictions of standard 
theories of portfolio choice is known as the “international diversification 
puzzle.” Another confusing point is that people would expect portfolio 
allocation to be influenced strongly by other variables that have not been 
included, like expectations of equity returns and the covariance of these 
returns instead of the distance variables. This confusion can be explained in 
terms of psychological factors such as investor sentiment. The apparent 
“home bias” is possibly explained by the possible asymmetry of information 
between domestic and foreign investors. The variables in the analysis are 
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acting as a proxy for informational asymmetries. The difficulties of investors to 
access or process information from “far-away” financial centers lead them to 
concentrate their portfolios in home or nearby markets. This kind of regional 
behavior of market participants causes stronger correlation between nearby 
markets. King et al. (1994) attribute to a key role in determining asset market 
co-movements. French and Poterba (1991) propose that the investors hold 
most percentage of their equity investments on domestic markets, despite the 
rapidly growing volume of international financial trade. It may be because they 
feel safer with domestic assets and more optimistic than foreign investors 
about the prospects of domestic securities result in home bias. It is 
reasonable that people favor the familiar. Since they root for the home team 
and feel comfortable putting their money with a business that is visible to 
them. These arguments are testified by Tversky and Heath (1991) who 
propose evidence that even when both gambles have identical probability 
distributions, households still regard an unfamiliar gamble as greater risk than 
that of a familiar one.   
Accordingly, contagion effects between close-by countries may be stronger 
than that between distant countries. Several works support this argument. 
Kang and Stulz (1997) find that inward foreign investment in Japanese stocks 
is primarily concentrated in large domestic companies that have a higher 
international profile instead of the companies they are not familiar with. 
Merton (1987) also argues that investors are most likely to invest in securities 
that they are familiar with. Frankel and Schmuckler (1996) provide empirical 
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evidence that during the Mexican crisis of 1994, it was their own Mexican 
investors who fled the markets and precipitated but not the “fickle foreign 
investors”.  
From the results, it can be seen that the larger the market size, the more 
correlated they are. For example, market size and the dependent correlation 
have a positive and statistically significant relationship. This can be explained 
by market liquidity. Larger markets are more liquid, so markets react more 
quickly to relevant information so that there are more price volatilities than in 
smaller markets. While the stocks in smaller or thinly traded markets may not 
be traded frequently, so their reaction is not as quick as that in larger markets. 
Larger markets may also be more diversified across industrial sectors and 
consequently are influenced by more common “news”. Therefore, the market 
liquidity proxied by the market size is another important explanatory variable.  
 
Finally, having the colonial links also increases correlation. This may be 
because the colonial country retains much of the economic relationships and 
regulatory structures that it used to have while it was colonized. This relation 
makes them depend on and influence on each other in the field of economy, 
political strategy, culture, etc. They are said to form “common wealth” 
countries. Just because of the highly correlated relations in many fields 
between two colonial-linked countries, the investors are more familiar with the 
country so the problem of asymmetrical information is reduced by some 
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extent. That’s why two colonial linked countries have comparatively high stock 
market correlation.   
4.2 Results of the Extension of the Gravity Model and 
Interpretation   
By using 1995-2003 data, and with White heteroskedasticity-consistent 
standard errors & covariance to correct the heteroskedasticity, the estimation 
results for the extension of gravity model are presented in table 4.   
Table 4 
Results of the Extension of the Gravity Model 
White Heteroskedasticity-Consistent Standard Errors & Covariance 
Explanatory Variable Estimation 
Coefficient
Std. Error t-Statistic Prob.  
C -0.570024 0.324259 -1.757927 0.0789
LNGCD*** -0.107348 0.032367 -3.316601 0.0009
LNSIZE*** 0.067817 0.007040 9.633687 0.0000
OLOH*** 0.026062 0.008573 3.040129 0.0024
CONCENTRATION*** 0.749094 0.083500 8.971182 0.0000
EXCHANGERATE** -0.053855 0.027251 -1.976210 0.0483
INDUSTRIAL** 0.050228 0.024718 2.032042 0.0423
BORDER                    -0.089269 
    
0.097880 -0.912021   0.3619
COLONIAL***                    0.222930 
    
0.056816  3.923740   0.0001
DEVELOP                    0.002241 
    
0.026587  0.084278   0.9328
LANGUAGE                    0.078125 0.057641  1.355364   0.1754
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* denotes significance at the 10% marginal level of significance. ** indicates 
significance at 5% significance level and *** for 1% significance level.  
 
It shows that the variables “border”, “develop” and “language” are still not 
significant. Then a more concise version of the result is obtained by dropping 
these insignificant determinants (see table 5).   
 
Table 5 
Results of the Concise Version of the Model 
white-heteroskedasticity standard errors & covariance 
Explanatory Variable Estimation Coefficient Std. Error t-Statistic Prob.  
C -0.638408 0.291466 -2.190336 0.0286
LNGCD*** -0.096387 0.026498 -3.637578 0.0003
LNSIZE*** 0.067130 0.006949 9.660571 0.0000
OLOH*** 0.026995 0.008144 3.314664 0.0009
CONCENTRATION*** 0.752384 0.083212 9.041743 0.0000
EXCHANGERATE** -0.062200 0.026714 -2.328359 0.0200
INDUSTRIAL** 0.049776 0.024655 2.018865 0.0436
COLONIAL 0.243800 0.051139 4.767421 0.0000




    F-statistic 
77.98454 
* denotes significance at the 10% marginal level of significance. ** indicates 
significance at 5% significance level and *** for 1% significance level.  
 
Again, as the estimation results show, the empirical evidences support this 
model. Except “border”, “language”, all of the other variables are statistically 
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significant. And the geographical variables have different degrees of success 
in explaining cross-country stock market correlation.  
 
The effect of distance and market size variables on cross-country correlation 
remains strong, they are still statistically significant with distance bearing a 
negative and market size bearing a positive relationship with the stock market 
correlation and therefore the same interpretation is offered.  
 
Empirically, the overlapping opening hours have significantly positive effects 
on stock market co-movements, which means that the more hours of common 
trading, the greater the degree of equity return co-movement. Supporters of 
efficient market hypothesis explain this relation as follows: the markets with 
more of common trading hours may react to ‘global news’ simultaneously (or 
at least with shorter time lags) and the immediate price changes lead to 
increased correlation.  
 
Alternatively, it could provide as evidence of stock market contagion or herd 
behavior among market participants. King and Wadhwani (1990) examined 
the relation between London and New York stock markets and attribute the 
contagion between them to non-synchronous trading. This contagion can be 
interpreted that it is easier for traders to conduct business with other financial 
market participants who are active at the same time, and another explanation 
for contagion may be because investors' are intended to infer information 
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from price changes in the other market. More practically, common opening 
hours may reduce the aforementioned asymmetries since the more common 
trading hours, the more dissemination of information among investors. It 
shows that the investors are more concerned of information than ease of 
trading. The two geographical variables, overlapping opening hours and 
the GCD contain important explanatory power over cross-country equity co-
movements.  
 
The Industry dummy which indicates similarities in industrial composition is 
also highly statistically significant except that the estimated coefficient of 0.05 
is a bit low. But in the studies of Heston and Rouwenhorst (1994, 1995), they 
check the influence of industrial structure on the cross-sectional volatility and 
correlation structure of country index returns for 12 European countries. They 
get the consistent result with this paper. Rouwenhorst (1999) and Griffin and 
Karolyi (1998) get the same conclusion that industrial composition accounts 
for a low proportion of stock return covariance, about 4% in most studies.  
 
The variable concentration ratio is highly statistically significant and has a 
positive relationship with cross-country correlation. It is one of the strongest 
influences that decide the stock market correlations. This result is at first 
surprising since one might expect that this concentration ratio would be 
negatively related to our dependent variable. It seems that high concentration 
ratio will cause lower levels of co-movement. Because a high concentration 
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ratio indicates a poorly diversified market, then the information relevant to that 
sector would incline to cause greater price movement in this financial center 
than in a large diversified exchange. The greater price movement would give 
rise to low levels of co-movement. Two poorly diversified markets that 
specialize in different industries should also have low correlation. However, 
by thorough inspection of the individual stock markets, we found that it is the 
importance of the telecommunications sector that is driving our result. In the 
23 countries this work chooses for investigation, almost half of the markets 
have at least 20% of the index in telecom stocks,  Hence, news’ relevant to 
this sector appears to be causing the observed positive co-movement. 
 
Much less attention has been devoted to the relation between exchange rate 
stability and international correlations of asset returns. Theory only offers 
ambiguous conclusions, along two strands of arguments. A first line of 
reasoning is based on the fundamental approach of asset prices and 
suggests that credibly fixing the exchange rate increases cross-country 
correlations. In a credible peg, common fundamentals across countries have 
a maximum weight in the determination of asset returns.  
 
This analysis shows that exchange rate variability is also an important 
determinant for the correlation between stock markets. An increase in 
exchange rate variability goes with a decline in countries’ stock market 
correlation.  The international investors always hesitate to invest in assets 
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dominated in exotic currencies because of the exchange rate risks, especially 
during the period of high exchange rate volatility. Since then there is less 
cross border stock market transaction, particularly if there are insufficient 
hedging instruments. Hence, the cross-country stock market correlation is 
lower.  
 
From comparisons of the data of cross-country correlation and exchange rate 
volatility, it is found that in most cases, international correlations between 
stock markets weakened during the more turbulent periods of the exchange 
rate. This result is consistent with the presumption that credibly fixed 
exchange rates maximize the international correlations of stock market by 
imposing a strong coordination of domestic monetary policies. The more 
volatility of the exchange rate may reflect the preferences of monetary 
authorities for a less disciplined, more variable and less symmetric monetary 
policy. It may also be a response to changes in the pattern of fiscal policy or 
other real shocks. By applying a bivariate GARCH model, Bodart and Reding 
(1999) also find the similar results that exchange rate variability has a 
negative relation with the international correlation, that is, the less the volatility 
of the exchange rate, the more the increase in international correlation of 
bond and stock market returns, though it is more prominent for bond rather 
than stock markets.  
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But there is another strand of arguments which is based on the contagion 
explanation of changes in asset prices. It suggests that international 
correlations and exchange rate variability change in the same direction, say, 
the correlation increase, instead of decrease, when exchange markets are 
more volatile. It can be explained by noise trading or herd behavior, King and 
Wadhwani, (1990) get the result that contagion effects are much higher in 
volatile markets when a large dispersion of expectations about the 
fundamentals induces investors to infer asset prices abroad for information 
about the likely trends in the domestic market. International correlations are 
then higher in periods of increased market volatility.  
 
And due to the application of currency Euro in the Euro zone, there are 
several reasons to expect that European stock markets are more correlated. 
First, the introduction of the single currency eliminated all currency 
fluctuations within the Euro zone. As a result, the cost of hedging currency 
risk as a barrier to international investment has disappeared. Second, the 
introduction of the euro directly removed a number of existing barriers to 
cross-border investments. Third, after the elimination of currency risk, 
investors are likely to focus on other risk factors, such as credit, liquidity, 
settlement, and legal risks. As a result, stock exchanges have strong 
incentives to reduce these risk components. They may do so by creating 
sufficient liquidity, by improving the financial and trading infrastructure. And by 
promoting transparent and cost-effective market practices. Fourth, closer 
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economic integration, increased monetary policy coordination make the stock 
markets correlation closer and closer.  
 
Compared with the standard gravity model, the inclusion of overlapping 
opening hours, market concentration ratio, industrial sectors and exchange 
rate variability does not make the variables GCD, market size, colonial links 
insignificant. These geographical factors are still significant determinants so 
as to have an explanatory power for stock market co-movements.  But it 
shows that the extension of the gravity model may help us better understand 
where these geographical influences are coming from and it better tracks the 




This chapter provides some concluding remarks. It commences with a 
summary of the major findings of the empirical study in section 5.1. Then 
some limitations of the study are stated in Section 5.2, followed by 
recommendations for further study.  
 
5.1 Main Results 
This thesis addressed application of the gravity model which is widely used 
and accepted in trade area. The research examined the determinants to 
explain the stock markets correlations. To explore this relationship, the gravity 
model incorporating geographical factors is first used. Then its extension to 
include financial-oriented variables is applied.  
 
Geographical factors have long been applied to explain correlations between 
goods markets. The analysis shows that gravity model can also be applied to 
equity fields to explain cross-country equity return correlation. Using 2277 
observations on bilateral cross-country stock markets correlations, it is found 




The measures of stock market proximity as important explanatory variables 
are used for stock market correlation. For example, geographical factors are 
used as a proxy for informational asymmetries across the investment 
community. Overlapping opening hours also explain wide range of effects 
from markets reacting to global news to market contagion to the ease of 
trading with another market participant at another location.  
 
These results have strong implications for theories of asset trade. For 
example, using these variables has important implications for the international 
diversification (or home bias) puzzle as it gives more credibility to the 
supporters of asymmetric information as a potential explanation. The market 
participants usually feel safer to hold portfolios that are concentrated in their 
own region. Because psychologically speaking, people prefer to deal with 
what they know or think they know, rather than with unknown. Thus, the 
effects of an adverse shock in that area are amplified.  
 
A number of studies get similar results and implications. Through examining 
the securities transactions flows across five countries, Tesar and 
Werner(1995) observe that the US portfolio remained strongly biased towards 
domestic equities despite an increase in the US equity investment in foreign 
equities, including investment in emerging stock markets. They get the 
conclusion that geographical proximity, trade linkages and language matter 
more than portfolio diversification motives. Similar to this finding, Lane(1999) 
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concludes that “positive gross international investment positions are not 
associated with income smoothing at business-cycle frequencies”, which also 
leads him to remark that “international investment decisions are heavily 
influenced by factors other than risk/return and smoothing considerations”. 
The empirical work is strong evidence that there is a very important 
geographical component in international asset flows.  
 
Time-varying information variables in this model are also strong and robust. 
Besides the geographical factors that are considered, it is reasonable to 
expect that the more conventional financial variables would influence the 
cross-country correlation. For example, market size and risk (level of 
concentration).  This expectation has been confirmed in this study. As for 
market size, the larger the markets, the more correlated they are. This can be 
partly attributed to market liquidity. Because compared with a thin market 
dominated by one sector, larger markets react more quickly and to a greater 
range of information, thus larger markets can be more liquid. They exhibite 
stronger co-movements than thinly traded markets and consequently higher 
correlation. The risk measure tells us that the concentration ratio has a 
positive relation with market co-movements. The more concentrated markets 




The markets’ industrial composition also helps to explain stock market 
correlation. It is intuitive to expect markets with a common dominant industry 
to exhibit higher correlation. Likewise, the colonial past has left economic 
effects on stock markets co-movements since the colonial-linked countries 
are tightly related in economy and become common wealth countries.  
 
One of the most important time-varying variables is stock exchange rate 
variability. Much less attention has been devoted to the relation between 
exchange rate stability and international correlations of assets returns before. 
With exchange rate variability as a proxy for the currency determinants, the 
analysis makes clear that the degree of exchange rate variability exerts a 
negative influence on international stock correlations. The greater the volatility 
of the exchange rates, the less the correlations between the stock markets.  
 
5.3 Contributions, Limitations of the Study and Potential   
       For Further Research 
 
In all, the main contribution of this paper is that it extends the gravity model 
from the literature explaining goods trade to financial asset markets. It shows 
that even for financial markets, geographical factors still matter. The large and 
statistically significant influence exerted on the level of stock market 
correlation by these variables can be explained by market participant’s 
psychology and informational asymmetries.  
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Second, on the aspect of data analysis, this thesis seeks to contribute more 
to utilize panel data set that bears characteristics of time-series data and 
cross-sectional data for robust results on long run relationship.  
 
Third, this research uses weekly stock market price index returns instead of 
the daily data to avoid the lead-lag problem.  
 
Last, by incorporating the variable of “exchange rate variability”, this adoption 
helps to better capture and explain more of the asset market behavior and 
ease of trading by taking into account the currency exchange factors between 
countries which has not been investigated extensively in the past.   
 
In the absence of sufficient empirical work on explaining the stock market 
correlation by using panel data, this study can be taken as a stepping stone to 
build further work on this subject. Although it is desired that this study be free 
from biases and be applicable in related situations; in reality, there always 
exist limiting factors. The followings discuss some of the limitations of this 
study and give some suggestions for going further:  
(i) There is a time and space constraint in this study. The accessible 
period of data is only for 9 years. This prevents more extensive 
testing and in-depth discussions. To expand the data period and 
emphasize the shock impact by dividing the data into several sub-
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periods are recommended for further studies.  For example, richer 
data set in terms of the longer time series of shorter period returns 
can be studied; the pattern of the inter-linkages between short and 
long holding periods can be compared;  the period of before and 
after the 1989 crash and the East-Asia financial crisis can be 
included to examine the impact of the crisis by dividing the data into 
several sub-periods.  
 
(ii) On the methodological and analytical aspects, it is found that the 
gravity model can explain about 20% of the correlation between 
stock markets, which shows that geographical factors matter, 
irregardless of modern technology, no transaction cost, etc. Maybe 
because less emphasis on the economic fundamentals make the 
explanation power less, the factors such as the bilateral trade 
between two countries, the GDP, financial liberalization, foreign 
investor participations, cross-border listings, international financial 
centre status, etc. From financial literatures, some papers examine 
the relation between stock market prices co-movements and real 
economic variables but get two strands of results: one supports the 
idea that the real economic variables determine the stock market 
price, but the other strand addresses that the stock markets are not 
much related with the economic variables. King et al. (1994) 
propose that the short-term market co-variations can be mainly 
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accounted for by unobservable factors such as investor sentiment 
instead of the observable economic variables.  
 
There’s no unanimous conclusion in explaining the stock market correlations 
area. Perhaps in the near future, more robust results can be found through 












Distribution of Countries and Their Relative Importance to World Market 
Portfolio & the Representative Local Stock Market Indices for Each Country 
              
Country Proportion of World Market (%)
Representative local stock market 
indices
USA 47.2 S&P 500 Composite
Japan 13 Nikkei 225 Stock Average
UK 9.3 FTSE 100
Germany 4.1 DAX 200 average
France 3.8 France CAC 40
Switzerland 2.6 Swiss Performance Index
Holland 2.4 AEX
Italy 2.1 Milan MIB 30
Canada 2.1 S&P/TSX Composite Index
Hong Kong 1.5 Hang Seng Index
Australia 1.4 S&P/ASX 100
Spain 1.2 IBEX 35
Sweden 1 SWEDEN OMX
Taiwan 0.9 TAIWAN SE COMPOSITE
Finland 0.7 HEX 25
Korea 0.6 KOREA SE COMPOSITE(KOSPI)
Belgium 0.6 BEL 20
Brazil 0.5 BRAZIL BOVESPA
Singapore 0.5 SINGAPORE STRAIT TIMES
Mexico 0.4 MEXICO IPC(BOLSA)
Greece 0.3 ATHENS SE GENERAL
Malysia 0.3 KUALA LUMPUR COMPOSITE
Portugal 0.2 PORTUGAL PSI GENERAL
Total 96.7







                                            Table 2 
Importance of Industrial Sectors to National Indices 
Country Industrial Financial Services Consumer Utilities Info-techonology Resources
USA 0.11 0.17 0.23 0.19 0.03 0.22 0.04
Japan 0.19 0.18 0.28 0.2 0.03 0.11 0.01
UK 0.08 0.26 0.31 0.17 0.05 0.02 0.12
Germany 0.26 0.26 0.24 0.18 0.02 0.04 0
France 0.23 0.16 0.26 0.19 0 0.08 0.09
Switzerland 0.11 0.32 0.07 0.49 0.01 0 0
Holland 0.1 0.33 0.2 0.13 0 0.03 0.21
Italy 0.05 0.41 0.32 0.07 0.04 0 0.1
Canada 0.15 0.22 0.17 0.09 0.04 0.2 0.13
Hong Kong 0.19 0.49 0.24 0.01 0.06 0.01 0
Australia 0.06 0.32 0.42 0.06 0.01 0 0.13
Spain 0.1 0.36 0.24 0.03 0.2 0 0.07
Sweden 0.24 0.19 0.15 0.1 0.02 0.29 0.02
Taiwan 0.47 0.25 0.03 0.06 0 0.19 0
Finland 0.14 0.05 0.14 0.03 0 0.61 0.02
Korea 0.36 0.2 0.24 0.04 0.12 0.02 0.02
Belgium 0.14 0.44 0.11 0.06 0.24 0.01 0
Brazil 0.06 0.17 0.42 0.04 0.07 0 0.24
Singapore 0.16 0.39 0.42 0.03 0 0 0
South Africa 0.13 0.36 0.14 0.06 0 0.03 0.27
Mexico 0.19 0.09 0.6 0.12 0 0 0
India 0.3 0.06 0.08 0.26 0.02 0.15 0.13
Greece 0.09 0.43 0.28 0.08 0 0.07 0.05
Denmark 0.08 0.21 0.52 0.19 0 0 0
Malysia 0.19 0.23 0.28 0.15 0.14 0 0.01
Portugal 0.11 0.36 0.35 0.01 0.17 0 0
Ireland 0.21 0.47 0.07 0.24 0 0 0.01
    Notes: This table contains the proportion of 7 industrial sectors (Industrial, Financial, 
Services, Consumer Goods, Utilities, Information Technology and Resources) in each of the 
27 Markets to represent the relative importance of the industrial sectors. Numbers in bold 
denote the dominant sector in each index along with sectors that account for at least 25% of 
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